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Table 1. Clinical Characteristics of Groups I and 2 
Stress Test 
Pt. No. Age 
History of 
Hypertension 
Reason for 
Angioqram 
Group I (a = 7) 
ST Depression* 
Exercise 
Capacityt 
I 53 Yes 
Group 2 (n = 7) 
S/P infarction 0.9 mV 140 w (97%) 
2 56 No S/P infarction ST elevation 100 w (74%) 
3 60 No CP 1.8 mV 120 w (78%) 
4 58 Yes CP None 140 w (95%) 
5 46 Yes CP 1.8 mV w w (68%) 
6 56 Yes S/P infarction I.5 mV I10 W (80%) 
7 36 Yes CP None 140 w (7%) 
*Reported as the largest negative deflection in the standard leads: trepresents the highest stage of upright bicycle 
ergometry completed by the patient, with the percent of their predicted exercise capacity for age, height and gender 
giveli in parentheses; $uninterpretable because of T wave inversions at rest. Abn = abnormal; CP = chest pain; 
ECG = electrocardiogram: Pt. = patient: SIP = status post. 
Group 1 consisted of seven patients (mean age 51.6 f 6.4 
years) who had no or only functionally mild coronary artery 
disease (two with no coronary disease, two with 150% 
stenosis in major coronary branches, one after aortocoro- 
nary bypass grafting with complete revascularization, a d 
two with occlusion of small diagonal or obtuse marginal 
branches but no disease in the major coronary vessels). All 
were normotensive, with the exception of Patient.7. Angio- 
graphic left ventricular wall thickness and muscle mass 
index were within the normal range (0.9 -C 0.1 cm and 103 + 
12 g/m’, respectively) (20). No patient had significant ew 
left ventricular regional wall motion abnormalities with 
exercise (Table 2?. 
Group 2 (meun age 52.i f 8.4 years) included seven 
patients with signijicant coronary artery disease, defined as 
Table 2. kegional Left Ventricular Wall Motion Analysis (right 
anterior blique projection): Change in Regional Ejection Fraction 
Fmm Rest to Exercise 
Posterior Anterior Anterior 
Basal Diaphragmatic Apical Lateral Basal 
Group 1 9.1 8.6 3.6 2.9 2.0 
Group 2 -4.0 -0.5 -6.4 -2.6 3.0 
Regional ejection fraction for five sectors of the tight anterior oblique left 
ventrkuhtgram were calculated at rest and during exercise. Data represent the 
difference (eXWCiSe test) in ejectioll fraction (%) for each sector. Gmup 1 
(n = 7) = patients with no or mild coronary artery disease; Group II (n = 7) = 
patients with significant coronary artery disease. 
270% stenosis in a majo 
vessel disease, two had 
vessel disease). Six of the 
cardial infarction (four inferior, two anterior 
bined anterior and inferior). All patients had 
ening left ventricular wall motion ab~lorma~ities wit 
exercise (Table 2). A history of hypertensi 
Group 2, although t is was generally mild 
left ventricular wall thickness (0.9 +- 0.1 cm) or muscle mass 
itiex (104 + 18 g/m*). 
Cardiac Cat~ete~iz~tiQ~. Informed consent was obtaine 
from all patients, and the exercise portion of the protocol 
was approved by the institutional Review Committee foe 
Human Research. Except for sublingual nitroglycerin, all 
cardiovascular medications were withheld for i2 to 24 h 
before catheterization. The patients received 10 ,mg of oral 
chlordiazepoxide for sedation 1 h before the study. 
All catheters were introduced transfemorally. Right ven- 
tricular pressures were measured with an 8F Millar micro- 
manometer pigtail catheter, For calibration, the high fidelity 
pressure tracing was superimposed on the conventional 
pressure tracing obtained from the fluid channel of the 
catheter. 
Simultaneous left ventricular pressure was obtained from 
a standard angiographic pigtail catheter. Pressures were 
recorded (Electronics for Medicine VR 16) at a paper speed 
of 250 mm/s. A peripheral e ectrocardiogram (ECG), right 
and left ventricular 
~~~~~~g was co~~~~~e~ to keco ophase left ventricu- 
Logram. Cine frames were n ing 
outine left ve~t~iclilogr~~~y and coronary ~~giog~aphy 
were perfumed b right ve~t~~~~~ogr~~~y kb sekcct qp- 
e study as well as to exclude 
with severe oe unstable I sions from a robnged investiga- 
tion. At least 15 min elapsed between the last coronary 
angiogram and the right ventricular angiogram at rest. 
Pressure PI-icings from 
) In Gmp 2 at RS! a rdse. dW& = rate of 
e~~ctrocar~iogra~: G = no or mild coron 
artery disease; Group 2 = si~~ifica 
= left ventricular pressure; RVP = right ventricular pressure. 
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Figure 2 (above). Representative right ventricular p essure-volume 
loops for two patients (Pat) in Group 1 W’t) and two patients in 
Group 2 (rigi@ at rest Mid lines) and during exercise (broken lines). 
3zni 
2Jn = 7 
Averaged right ventricular (RV) pressure-volume 
ts at rest and during exercise in Groups 1 (n = 7) and 
lines indicate SEM. In both groups, there was an 
upward shift of this relation, although it was more pronounced in 
Group 2: Curves are constructed from data at minimal diastolic 
pressure toend-diastolic. CAD = coronary artery disease. 
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tocol consisted of two exercise periods of 2 min duration, 
beginning at50 to 80 W (mean 68) and 70 eo 150 W (mean 933). 
These exercise steps were determined bythe precatheteriza- 
tion exercise t st. Immediately after termination f exercise, 
right ventricqlar ngiograbhy was repeated with 78 ml of 
contrast agent administered at a rate of 14 to 16 ml/s. 
is. Right ventricular volume analysis was 
preformed with a cd&validated, multiple slice method (see 
17.s _ GROUP 2 
is _ 
(2.5 _ 
10 _ 
7.2 _ 
2 _ 
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Measurements were made of right ve~~tri~~~~ar pressure 
during each tine frame (every 20 MS). These pressure 
measurements were paired with the corresponding volume 
calculation to create 
obtain an overview 
tions, the sections of each pressure-volume curve from 
minimal diastolic pressure to end-diastolic pressure were 
averaged toconstruct a composite curve. This was done by 
first flormalizing the curves (that is, converting the volumes 
to a percent of end-diastolic volume). The 
was used for this calculation: Vn = (Vol 
volume) X 100, where Vn = formalized vol 
co site curve, al9 curves w divided into an equal 
nu r of segments (determifl by the curve with the 
minimum number of pressure-volume points for each group). 
Because points defined bythese segments did not necessar- 
ily coincide with actually measured pressure-volume points, 
local interpolation was used to obtain these values. The final 
0 763 
Time from Vricu 
Right ventricular Ming rates (ml/m’ per s) for th 
patients (Pat) in Group I, de~~o~st~ting the dependence of 
diastolic filling pattern on heart rate (MR). With a rapid heart rat 
rest (Patient I). the passive filling phase and atria1 systole merge. 
ime from tricuspid valve opening is represented in milliseconds. 
pm = beatslmin. 
posite curve was then const cted by averaging t 
pressure and volume dais (Fig. 3). 
Filling mtcs ca!cs!ated for each d~r~m~ 
iastole were knotted against i valve 
opening to display diastolic filling (Fig. 4). 
To quantify ventricular relaxation, the r 
pressure tracing was digitized for the deter 
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y’p~e 3. Hemo@q&c Data at Xest and During Exercise in 14 Patients 
HR DFP TVOP RV EDP RV PSP 
Iheals/mifl) (ms) (mm Hg) (mm Hg) (mm Hg) 
Pt. No. R Ex R Ex R Ex R EX R EX 
“I 
Group I (R = 7) 
I 100 147 240 160 5 0.9 6 7 28 47 
2 76 115 360 I80 7 IO 10 17 34 59 
3 60 102 540 240 9 9 IO IS 31 58 
4 82 129 360 200 6 3 7 7 22 38 
5 71 119 360 180 6 9 10 18 32 57 
6 85 125 300 180 I 5 6 14 35 52 
I 55 107 720 300 7 17 II 19 36 70 
Mean + SD 76% 15 121 ? I5 411 + 164 206249 5.9 + 2.5 7.7 -c 5.3 8.6 + 2.2 13.9 + 5.0 31 + 5 54 r 10 
p value <O.OOol 0.003 NS 0.007 O.@OOl 
Group 2 (n = 71 
I 79 127 340 220 7 9 7 9 29 51 
2 88 137 300 140 6 24 9 22 35 IO 
3 65 90 460 220 8 4 10 13 29 39 
4 88 131 340 180 2 IO 7 7 36 52 
5 71 II2 480 200 4 9 6 13 26 57 
6 61 147 400 120 3 I3 8 I4 37 61 
7 86 122 340 220 IO I6 13 d 37 58 
Mean f SD 775 11 124 + I9 380 + 68 186 f 41 5.7 t 2.9 12.1 + 5.3 8.6 + 2.4 12.3 2 5.1 33 + 5 55 2 10 
p value <O.K% 0.0004 0.05 NS 0.0004 
DFP = diastolic filling period; Ex = exercise; HR = heart rate; PI. = patient: R = rest: RV EDP = righf ventricular end-diastolic pressure: RV PSP = right 
ventricu!ar peak systolic pressure; TVOP = tricuspid valve opening pressure. 
maximal rate of rise in pressure (dP/dt) (6). Right :entricular 
pressures from the time of peak negative dP/dt until 5 mm Hg 
above the minimal diastolic pressure were plotted against 
dP;dt; the negative r ciprocal ofthe slope of this relation was 
taken as the time constant ofright ventricular relaxation (6). 
This lower pressure limit was chosen because it was consis- 
tently greater than the tricuspid valve opening pressure. 
Hence, the relaxation constant was determined during the 
actual isovolumetric elaxation period. 
Right ventricular sti&ess was calculated with a simple 
elastic model (22) with asymptote: Pressure = aes ’ v”‘ume + 
C, where a is the material constant (mm Hg), p is the 
constant of ch;-mber stiffness (ml-‘/m*) and C is the y axis 
intercept (mm Hg). 
StaHstical methods. Intragroup comparisons were made 
with a paired Student’s t test and intergroup comparisons 
with the unpaired t test. Linear regression analysis was 
calculated with Minitab and StatView 11 software. 
ynamic data (Table 3). The heart rate was similar 
in both groups at rest (76 versus 77 beatslmin) and at peak 
exercise (121 versus 124 beats/min). The mean diastolic 
filling period was 411 ms at rest and 206 msduring exercise 
(p = 0.003) in Group 1 and 380 ms at rest and 186 ms during 
exercise inGroup 2 (p = 0. 4). As expected, the diastolic 
filling period was significantly related to heart rate, with the 
diastolic filling period (ms) =726 - (4.3 x heart rate) (r = 
-0.87, p <: 0.001). 
In Group 1, the mean tricuspid valve opening pressure 
was 5.9 mm Hg at rest and 7.7 mm Hg with exercise (p = 
NS). In Group 2, however, tricuspid valve opening pressure 
increased significantly from 5.7 mm Hg at rest o 12.1 mm I=Ig 
(p = 0.05) during exercise. Rest end-diastolic pressures were 
the same in both Groups 1 and 2 and increased with exercise 
to a mean value of 13.9 mm Hg in Group 1 (p = 0.007 
compared with rest) and 12.3 mm Hg in Group 2 (p = NS). 
Rest and exercise peak right ventricular pressures were 
similar for both groups. There was a correlatiom between the 
change in right ventricular systolic pressure from rest to 
exercise and the change in right ventricular end-diastolic 
pressure (r= 0.69, p = 0.02). 
Volumetric data (Table 4). Rest and exercise volume 
indexes were similar for the two groups. However, whereas 
end-systolic volume tended to decrease with exercise in 
Group 1 (23 ml/m* at rest and 20 ml/m* with exercise, p = 
0.059), there was a slight but not significant increase in 
patients inGroup 2. 
@iimg rates (Table 5). The filling rates ai rest and ming 
exercise for both groups were siml + (Fig. 5). At rest Bnd 
during exercise: the peak filling rate was 239 and 308 xl/m? 
1 52 58 Ii 11 48 49 - 
2 102 108 36 30 49 45 23 
3 87 78 20 II 43 53 50 
4 56 SO 17 IB 54 38 24 
5 74 82 22 20 46 50 39 
4 70 53 20 20 60 49 57 
7 108 94 34 35 68 63 29 
Mean + SD 78 + 2’ 74 r 19 23 !I 9 20 2 10 53 i: IO 50 2 8 37 ? 14 
p value NS NS NS 
I 91 80 33 26 43 59 32 
2 66 74 20 35 50 64 50 
3 79 82 34 34 52 58 32 
4 55 58 21 26 44 53 
5 79 74 23 36 54 70 40 
6 80 59 23 32 49 63 45 
7 59 52 19 15 53 68 44 
Mean -4 SD 73 2 14 692 I? 25 2 6 2s 2 7 49 2 4 62 + 6 41 2 7 
p value 14;s NS 0.05 
Group B versus Group 2 at rest 
NS NS NS NS 
Croup I versus Group 2 during exercise 
NS 0.067 NS 
% AF = percent ventricular filling during atria! systsle: EDVI = i ght ventricular end-diastolic volume index; 
ESVI = right ventricAar end-systolic voPume index; % FMD = percent qh~ rrbkkular filling st mid-diastole; other 
abbreviations a in Table 3. 
per s (p = 0.15) and 206 and 297 m!h’ per s, (p = 0. 
Groups 1 and 2, respectively. During the first half of diastole, 
there was an increase in mean filling rate in both groups; 130 
tL 2.57 mlhd per s in Group 1 (p = 0.005) and 139 to 249 
mtk* per s in Group 2 (p = 0.0 
second half of diastole, the filling 
there was a substantial ncrease in mean filling rate from rest 
to exercise (135 to 276 ml/m2 per s, p = 0.002), similar to that 
during the first portion ofdiastole. In Group 2, the Ming rate 
increased from 126 to only 165 ml/m* per s (p = 0.03). There 
was a significant difference between filling rates during the 
second half of diastole witb exercise in Groups I and 2 4276 
versus 165 mild per s, p = 0.03) (Fig. 5). 
The contribution of atrial systde to right ventricdar 
firrsng could only be assessed at rest because ofthe fusion of 
the passive filling phase with atria! systole [Patient 1 in 
Group 1 anti Patient 4 in Group 2 could not be evahated at 
rest because. of fusion of passive filling and atria! systole). 
Atrial systok contributed 47% to right ventricular filling in 
Group 1 and 41% in Group 2 (p = NS). 
~e~~~~cw~ar e~~atlo~ d! chamber 
constant of right ventricular relaxation 
ican tween the two groups (182 ms in Group 1 and 78 ms 
im G 2, p = NS). With exercise, this decreased substan- 
tially to 50 ms in Group I (p = 0.004) and 58 ms in Group 2 
(p = 0.04: (Fig. 6). 
Chamber stifkess nt rest MYIS sigrzificanr~y diflerent be- 
tween the wo groups. In Group 1, the mean constant ofrest 
chamber stiffness normalized for body surface area was 18 X 
10S3 ml-‘/m’, whereas for Group 2, the value was signifi- 
cantly higher at 48 X 10m3 ml-‘/m2 (p = 0,006). With 
exercise, there was no significant change in either gr 
Exmqdes of pmsrsre-volume loops 6lt rest ard 
exercise are shown it! Figwe 2. Figure 3 shows tbe averaged 
e curves at rest and during exercise for 
groups. Of note is an upward shift of the curve in the patients 
from Group 2 during exercise, with a somewhat smaller shift 
in Group I. AS expected because ofthe lack of change inthe 
constant of chamber stiffness from rest to exercise, the 
slopes of the curve -hift ira parallel. 
618 HEYWOOD ET AL. JACC Vol. 16, No. 3 
RIGHT VENTRICULAR DIASTOLIC FUNCTION AND EXERCISE September 1990:611-22 
Table 5. Right Ventricular Filling and Stiffness at Rest and During Exercise in 14 Patients 
PFR 1st Half 2nd Half p X lo-” 
(ml/m’ per 5) (mum’ per s) (ml/m’ per s) (mf-‘lmz) 
pt. No. R Ex R Ex R Ex R Rx 
Group 1 tn = 7) 
1 256 321 147 288 200 300 !O 62 
2 2441 453 217 356 150 433 9 19 
3 253 348 107 292 140 267 36 27 
4 127 234 II7 I50 100 240 32 IO 
5 214 365 133 344 156 3 IO 12 
6 289 221 200 200 133 211 I6 27 
7 296 206 139 240 67 I40 I1 I9 
Mean f SD 239 + 57 308 + 91 130 + 42 267 + 75 135 + 42 276 + 95 185 II 25 d 18 
D value 0.15 0.005 0.002 NS 
Group 2 tn = 7) 
I 236 101 182 291 I59 200 38 42 
2 227 276 I53 357 I53 200 55 70 
3 1g5 325 107 25s 83 189 I6 16 
4 212 ?79 88 189 II2 167 69 30 
5 207 313 I25 280 108 120 29 24 
6 225 227 I40 283 155 I67 56 220 
1 I50 255 124 227 112 I09 13 50 
Mean * SD 206 f 30 291 f 51 131 + 31 2692 53 I26 -+ 30 165 -+ 37 48 -+ 20 65 r 71 
p value 0.005 0.0001 0.03 NS 
Group I versus Group 2 at rest 
NS NS NS O&Q6 
Group 1 versus Group 2 during exercise 
NS NS CO.03 NS 
1st Half = mean filling rate during the first half of diastole: 2nd Half = mean tilling rate during the second half 
of diastole: fi = constant of chamber stiffness: PFR = peak filling rate; other abbreviations as in Table 3. 
Figure 5. Right ventricular mean diastolic filling rates for the Brst 
and second half of diastole at rest and during exercise. Filling rates 
were similar between the two groups, except during exercise in 
Group 2. 
fmllm: 
360 
Group 1 
&wlup 2 
4 1 
200 
0.03 
0 
2nd. ‘h O&de 
Figure 6. Time constant of right ventricular relaxation atrest (open 
bars) and during exercise (batched bars) for both groups, with a 
significant decrease during exercise *p < 0.05. - _ 
(ms) 
1 
T 
GROUP 1 GROUP 2 
- 
I -* 
1SE T 
re to increase from a 
uring supine xercis 
a significant increase in 
during exercise by Q~gi~gra~hy. 
systolic volume indexes during exercise in I1 patients with 
coronary artery disease. Similar findings were reported by 
Bussmann et al. (34). 
ar re~axa~i~~. This was evaluated by 
Triffon et al. (35), who determined the time constant of 
relaxation i five patients with right coronary artery disease 
and found a mean value of59 ms at rest. For our patients, the 
rate of relaxation i crease6 substantially with exercise (Fig. 
5). This response has been observed by Carroll et al. (8) in 
the left ventricle during exercise, although to a lesser xtent 
when coronary artery disease was present. Relaxation has 
been reported (26) to be independent of ventricular systolic 
pressure. It accelerates with increasing heart rate (25) and 
ad gic stimulation after the adm 
ne e (‘IS) or isoproteronol (24). 
prolongs relaxation (IO), but this effect tay be masked by 
the tachjcardia nd increased adrenergic tone accompany- 
ing exercise (36). These opposing effects of exercise and 
ischemia on relaxation may explain why relaxation de- 
creased less in Group 2 (significant coronary artery disease) 
than in Group 1 (no or mild coronary artery disease) (Fig. 6). 
mcreased chamber 
the corMant of 
.ps and 2 at rest and late ventric- 
ed changes inventricular loading, although t ere 
infarction, which may 
fibrosis and hence incre 
in Group I. The cause of this 
tifactorial. Four patients in 
Pn detailed postmor- 
occlusion. The percent of fibrosis was, however, rarely 
>10%. Septal iflfarctio~~ which w 
6, could also have contributed to
. There was a generalized up- 
ward shift of the diastolic pressure-volume relation from rest 
to exercise, although this was more pronounced in Grou 
than in Group 1. We believe there are three mechanisms that 
alone or in combination may explain this finding. Hschemia 
has been reported to produce such a shift (9). although the 
constant of cbaaber stiffness might be expected toincrease 
as well (3). Chamber stiffness did not change sigaificantly in 
Group 2 during exercise. A rightward shtft af the ventricular 
septum, caused by ischemic dysfunction orthe left ventric- 
alar-right ventricular trans-septal pressure gradient, or both, 
uence the right ventricular essure-vo~~rne re~at~o~~. 
The right ventricular septal-free wall distance did decrease 
slightly but not significantly in both groups, jet the shift of 
the diastolic curve was much greater in Croup 2 despite thp: 
similar change (compared with Growp I) in septal-free wall 
distance (Table 6). 
620 HEYWOOD ET AL. 
RIGHT VENTRICULAR DIASTOLIC FUNCTION AND EXERCISE 
JACC Vol. 16, No. 3 
September 1990:611-22 
Table 6. Changes in the Major and Minor Right Ventricular Axes 
From Rest to Exercise in 14 Patients 
Septum-Free 
RAO Major RAO Minor LAO Major Wall Distance 
(mm) (mm) (mm) (mm) 
Group I (n = 7) 
Rest 81 t 9 77 t 9 88 + 9 49 t 4 
Exercise 83 k 6 79 + 8 89 + 8 46 rt 5 
Difference t2 t2 +I -3 
Group 2 (n - 7) 
Rest 80 Y!Z 6 74 + 8 89 + 7 
Exercise 77 ?: 4 65 + 4 85 c 6 
Difference -3 tt -4 
Significance of change in axis length from rest to exercise 
(Group I versus Group 2) 
p value 0.04 NS 0.03 
55 + 8 
51 + IO 
-4 
NS 
Major and minor axes in the right (RAO) and left (LAO) anterior oblique 
projections at rest and during exercise for both groups at end-diastole. The 
axes have been corrected for magnification. None of the intragroup changes 
were significantly different from values at rest. 
Pericardid constraint. This factor remains to be consid- 
ered. Animal experiments (31,38) have documented that 
when the pericardium is intact, an increase in ventricular 
pressure inone chamber increases the pressure inthe other 
chambers. This effect is substantially essened when the 
pericardium is opened (31). An increase in left ventricular 
end-diastolic or atrial volume during exercise (8) could 
increase pericardial pressure. As reported by Tyberg et a!. 
(301, left ventricular end-diastolic pressure is better pre- 
dicted by right ventricular end-diastolic pressure than by left 
Figure 7. Relation between right (RVEDP) and left (LVEDP) 
ventricular end-diastolic pressure during exercise for Groups I and 
2. The relation at rest was not significant. 
GROUP 1 
P<.OOOl 
N= 7 
I I,, , , , , , , , 0 
_ -- ~~ 
P 6.6 6 7.6 a0 Lp.6 a6 17.6 PO 66.8 m 67.6 636 a 6.6 6 7.6 10 L6.6 M Ct.6 60 66.6 66 67.6 66 
RVEDP tmmHg) AVEDP tmmHg1 
ventricular end-diastolic volume. They foun 
close correlation, (r = 0.98, p < ) between right and 
left ventricular end-diastolic pres ring volume loading 
in dogs with the pericardium closed. When the pericardium 
was opened, this relation was not as strong. They suggested 
that beyond a critical right ventricu!ar filling pressure, dias- 
tolic pressures in both ventricles become closely related. 
Ludbrook et al. (39) hypothesized per&dial constraint and 
increased right ventricular pressure to explain the upward 
shift in the left ventricular p 
isometric handgrip exercise. 
agreed that pericardial const 
diastolic shifts they observed with pharmacologic loading of 
the right ventricle. 
An association between right and left ventricular end- 
diastolic pressures has been rqnorted previously. Karsch et 
al. (33) found a correlation coefficient of 0.84 (p < 0.01) 
between rest right and left ventricular end-diastolic pres- 
sures; during exercise the correlation coefficient was 0.78 
(p < 0.05). We found no correlation between right and left 
ventricular end-diastolic pressures at rest, a strong 
correlation during exercise. The correlation co cient was 
0.96, (p < O.OOOl) for exercise right and left ventricular 
pressures in Group I, and 0.76 (p < 0.025) in Group 2 (Fig. 
7). The correspondence between ventricular pressures only 
during exercise may be secondary toleft ventricular volume 
changes with exercise. In Group I, left ventricular end- 
diastolic volume increased somewhat with exercise, al- 
though not significantly (77.7 versus 83.7 ml/m’, p = 0.08). 
The increase in left ventricular end-diastolic volume was 
slightly greater in Group 2 (80.2 versus 87.8 ml/m*, p= 0.01) 
(Table 7). This increase in left ventricular end-diastolic 
volume, coupled with the slight decrease inright ventricular 
end-diastolic volume (Table 4), and the correlation between 
the end-diastolic preisure in both chambers during exercise 
66. 
46. 
66_ 
60. 
GROUP 
r-.76 
MC@ Vol. Hi. No. 3 
September 1980:61 t-22 
Group I Gmp ? 
tn = 7) (II = 7) 
Rest (ml/m?) 18 ?21 80 2 16 
Exercise (ml/m*) 84 c 16 895 15 
p value 0.08 0.01 
Volumes were determined from the ri&t anterior oblique projectior! using 
the area-length method. 
the intrinsic properties of
the right ventricular wall, but perhaps even more so, by 
rdid volume changes. 
One concern is that because the right 
ventricular ~g~og~a~s were~e~o~~ed af!er Ihe a 
tion of t agenl, volume status and 
function 
contrast agent was us 
changes. Tani et al. (42) fou a smaller increase in left 
ventricular end-diast 
with iopamidol as opposed to an ionic contrast agent (Uro- 
grafin), A waiting period of 15 min after the last coronary 
injection also mitigated the elect of prior angiography. 
Dell’Italia nd Walsh reported no change in the constant 
of right ventricular st ss with repeat ye~tri~~~ogra~~y. 
We gratefully acknowledge the technicali assistance of Bronco Kunc. the 
graphic production of Rosy Hug and the use of the computer programs by 
Hiroshi Nonogi. 
Fifteen right ventricutar casts were formed from acrylate plastic 
injected at low pressure into 5 canine and IO adult human right 
ventricles. ‘The volume of water (by weight) that each cast displaced 
was measured four times and the results averaged to obtain the 
e case was placed in apprkmate anatomic p 
biplane c~nea~~io~~ams were then filmed in the 30’ ri 
oblique (R/W) and 60” left anterior oblique (LAO) pro& 
pair of biplane images was projected 0nto a drawing board and 
traced. Simpson’s rule (43) was used to determine the volume by the 
~ol~~,v~~~ equation: 
As = even nuc?bered slice in the right anterior oblique projection, 
e = even numbered slice in the left anterior ob!ique projection, n 
1,3.5...andj=2.4,6 . . . . Each image was divided into 50 
slices. 
ight ventriwlw silhouettes were traced mawaNy with an 
d linked to a comprrter. A program that 
into 50 corresponding 
slice5 and calculat e above formula was 
developed The resulting volume calculated for each cast was 
plotted against the water volume obtained for that cast. A regression 
equation and correlation coefficient were calculated. The correlation 
coefficient was 0.987, with the regression equation being 
V0oIume,,,,,,,,,, (ml) = 0.77 x Angiographic volume (ml) - 12 (ml). 
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